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(54) AZIMUTH ANGLE MEASURING DEVICE AND AZIMUTH ANGLE MEASURING 
(57)Abstract: 

PROBLEM TO BE SOLVED: To measure an azimuth based on 
terrestrial magnetism detected using a Hall element. 
SOLUTION: The reference values Lx, Ly of an x-axis Hall element 
HEx and a y-axis Hall element HEy are stored in the memory 7 of 
a correction value, and a correction calculator 6 corrects the 
output amplifying values Dx. Dy of the x-axis Hall element HEx and 
the y-axis Hall element HEy and then fetches only values a. p 
proportional to each axis component of the terrestrial magnetism 
using these reference values Lx. Ly. 
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2*'6«ffiV 1 ^BXOa^iifeK. SS^T430ie>«JE 
V24S{«5aTC<!:iCd:0. Mf6tiiH^©da:^D 1 8 0 
= (V 1 -V2) il/tr, Dl 80 = - (H1+H2 + 
F 1 + F 2) + F3 il,^^ffi*f#€)Ci*^n?S, 

[0020] fii[ta*i2 7 0 • ©tl^«. xf^t^-fVm^ 

HEx*sJ;0'ylA*"^l'*^HEy©§^^T4, T2 
?:A:^^*8^^<!:L/rffit^ ^^T2«:LOWU'<;l/{ca:S 

■g-l/t:, xlll|!^->»^^^HEx*^J:^>'y*^|J^-J^*^•H 

E y (D^m'f-T 1 . T 3 *a:^J«l^i Ur figlV «?-T 50 



!|$^20 0 3-65 7 9 1 

6 

l*»6«)IVl*BX«3W-ritfeK:. SS^T336>6S1I 
V2*BSl'3Hl-rct{Cj:f?. M!ijtiilii^©UJ:'3D 3 6 0 
= (V1-V2) tbX. D360 = - (H1+H2- 
F1+F2) + F3tC>^fii=S:f#-SC:<!:*ir^S, 

[002 1 ] *ur, cn6©a;^j*fetT©s-ctt-m-r 

SCi{cj:i3. xW5^"J^*T•HEx*^J;c^'yfi*-^^ 

^■7- HEy©*7H2-:;h «©:^S|5^>*J J: O'T > r^'O^M 
W^^-b-:/ h:S^+i'>-fe;l/Lr. x^tJ^-jI/^^HE 
x*jJ:0'yttJ^-.'HK^HEy©a:^3*^e>. lilJgWK:^ 

[0022] (D0+D9 0-D 1 8 0-D36 0) = 
H1+H2+F2 

Hiccfct^r. xW^t-^i/S-i^HExfc.tiytytt 
ji'-ju^^HEyjj^^aj^snfcm^tt. MS&Aj'jr^ 

::^4t?*ii|ii$n. CCriiiHSn/cm:^tti»iliDx. d 
iEti-$jtaU6«cA:'33ns. 

[0 02 3] CCr. 1iiEfiii2ttSi57 (C«, ±IBH2 + 

F 2 (ctB^^S xlilJ^-J^^■?•H E x*j J:0'y«|J^-J^ 
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j^-jP^^H E xte J:i>*y $*?^->'HS^H E y ©ai:^Jii 
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-Jl'^^HEx, y|Ajt:-;Hg^HEy*J<}:iy=zlll|5f;- 
;U^^H E z *i|Stl:f 6ti-Cli^, 
[0032]>5:fe. xli^-.il'Sg^HEx. y«|s^-;l' 
E y tecti^'z fi^-Jl'^^-H E z »fl6fiSa?:*^ta 
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[0033] Sfc. 2tt«M-fe>-9-2 1 ». :^{4ftiti!J 
»Ka. Kb4l«iEit#SPi 6{cW:^^^. ccr. fii 

iEfiil2t§.Si5 1 7 {C«. xK6^-Jl'^-7-H E x , yttsJ^- 
;i/^^H E y *$ J;y^ z IAj^-jU^-^^H E z ©SiifiiL 
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[ 0 0 3 4 ] -e bt:. liiEtl-^gP l 6 CtlP>©»*t 
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l*.SCi«:J:f). x«5^--'l'^^HEx. ylA^-^l'^ 

E y *i z ||fc*--iI/^^H E z <Da:^*til<iiD 
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^ttS-rS^Th-JV^^HE X. HEy. HEz©Hi:^J 
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Slit:. C©^©ai:t»«r 1 Sffl5>^^Ufcfil'S:fflt>fc. 

c©J;^tc, ^^-J^*^^©«&^te«S^e[fii». lal— S!ia°a?: 

fflV>/cti^K:*Sl»T4>. ^^^-J^^^HEx. HEy. 

HE zcrtcctfe-^^A^feO. it&BB»>5:i'©J:^«:Siif 

50 timnniV(mthi^-^vLkx'^^'xi^t£\,\, 
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[ 0 0 3 8 ] m^«iS<DX f-;<7^ct'(C«ffl3n 

HlgKAn^Huf^-C. Sd-^-;^«^^HEx. HEy. H 
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[0039] CCD/c*> :&{ftftH-«iJ$IS*«^«S{cS 
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ttSBl Ttciatli-r-S. -eb-C. 0 5 (DfflJEti-»S15 1 6 
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S^^^SicAn€>wr^-C. §*-;I/^^^HEx, H 
Ey. HE z©*742 y Hii*SA*<M&*«^K-3(,>-C 
TnLfc*^ #^h-;^^^HEx. HEy> HEz©:t7 

HEX. HEy. H E z ©:*-:? -fe hiS*sS^cS 

x'^ ^oos(S) 0 -sln(«)Ycos(e)-8ln(e) 0 

j> I- 0 1 0 slii(0) cos(e) 0 

\aiB(S) 0 cos(6)J|^ 0 0 1 

O 0 



20 



30 



* [0 042] C©fc*. ^'^--'H^-T-HEx. HEy. 

HEztcoti-c. m^m^<Dmmimct(Dm^o)^y 

JgSgf t ^ :? -fe y h *i1iIE3 n/c 3 m(Di&mMr'- ^ a . 
(8. r*JJ:CX2lA©«*4ft7=-^<<>. tj ?:ffit»-C:^Cl[ft 
0«r»Ui-rSti^. JiiT©it»T.»U=f';XA*flit,>SC 

[ 0 0 4 3 ] 0 7 ». ijiiLn e ^wm-ri>m^mif^ 

'^i' h;Ui;lllS**©H*fe«r7n"r0-C*-5. ia7{ctel,> 
T. JftiK»-^ h ^l' (x. y. z) {C^tJSU'TTMxIlll 
i&S^U. C©TMxlitCii3^-rS2IA*TMylA. T 

y. z) {C*rt-*«l^4iS*l O©:&fil[«r0. IWft^ai 

[0 04 4] -eUT. <l^ft5*ffiiE-rS/cJs6tc, TMy 
IA©SDK:. C©iate^©ttiS:H 
X. HY. HZi-r^So 'XK. HZ|A©il!3CC. 0Afl:t 
gIteSI*. C©lsite^©tt*Ml X. Mly. Mlzi 

©|5|tea©ll*M2 X. M2y. M2z<bL. 3 
M2xlA©^0{C. -77/ct^[5Ife3-a-S. 
[0 04 5] cn6©iaite«:<fcO. iftM^-^ h -"W 
(x. y. z) <!:§5f^-;V*qFH l~H3*>?>©a:^J 
(a. /3. r) <b©ffl{c». WT© (1) 



[0 04 6] 
[1^1 ] 






(1) 



[0 04 7] -e-UT. tfifiSa^ h ^l- ( X . y. z) = 40!«^#6nS, 
(1. 0. 0) ©MC^J;*). ^*-^U^^H 1~H3*> [0 04 8] 

6©Ui:t» (a. /8. t) ?r*s!)-Si. OT© (2) m2] 

i(0)go8(S)go^(P)- Bin(5)na(p) 





r 


^ = 









c<»(o)cas(5)^(lp)cos^)-ain(5)coB(p)oa«^) J 

— • (2) 



[0049] ^^CC. (2) S©a©^*^^S<!:. « [0050] 
T© ( 3 ) iC3&J»6ti-S, t^3 ] 



(7) 



11 



/jpx coa(e)coB(S)cosfe>)-a 
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(3) 



[005 1 ]^XCC. (3) (2) ^<D|S. r<D^«: * [0052] 
RA-r^xb. «TO (4) . (5) S:*5f#6nSo * [!»4] 

/3 :s-^(0)cos^)+co8(e)sln(i9>)smOl)]cos(5) 

y = EEdn(9)8m(r7)-co8(6)nn(p)cos^)loo8(5) 

[0 054] 
[^5] 



[0 0 5 3] ;^CC. (4). (5) ^*^6c o s (a) 

^fc^Rdb^i. JiiT<D (6) s;*^f#6n^o ^ 



V _ g X cos(y )siafa)- & x sin(y ) 
' iin(9)8in((?))coafe)+ cos(9)8m^) 

yx8m(y)-axcos(y)co8(7) 
siii(a)nn(9)Bin^)- 008(0)008^} 



(4) 



(5) 



• « • • 



(6) 



[0 0 5 5] (6) SC€r^Jl5L/r:^fil[ft0*** 20^ coos 6] 

St. JWT© (7) ^*i|»6n*. * [^6] 



0 



i3xo<»&7)-yxm^) 



^1 



(7) 



[0 0 5 7 ] COct-^tC. 3llS©ififiaa7^-:5f a, ^. 

0 5 ©1«iEH-SLSP 1 6 . «Mftthm 

aii2 o*s«to'*(4ft^ui3R 1 8 ©ttf^ms^-r^ P-^ 

[0 0 5 8 ] ia8(C*iti-C. tSiEltSLgpi 6». x|^^^ 
-JHg-?^HEx. yli>f:-;Hg^HEy*iJ;C}=z#5f:- 
jl'Sg^HEz©a:>3tiiliHiiDx> Dy. Dz^K^-TS 
«!: (;^-f--^7'S 11). x*S^^— ^HS^FHE X. yH'^ 
-;l/*^^H E y *Jj: z Wd^-^H^-^-H E z ©»*SlffiL 
X. Ly. Lz€rffliEfiilfitSSi51 7*>6BXf»-rS C^f- 
•?:?'S 1 2) , 

[0059] ^X(C. ffliEit»gP 1 6 xlfid^-;l'^^ 
HEX. yW5^-;^^^HEy*^J:CXz^tt^^-^^^^H 
Ez©a:^jtSitiifiiDx. Dy. D z *>e>ajtfflL x. L 
y. Lz*ilSSt-rS (y^^^'^'S 13), ^L/T. xH 
Jh— ;l/^^HEx, y|fi!^-;US^^HEy*jJ:iy^zf4!t: 
-;l'^-¥-HEz©!SKl:bGx. Gy. Gz^rfflC^TMSt 

Tfci^*ffiOai//cfS (:^-f-'^:/s 14). :&{i«it» 

gpi 8{cm:^)-rs. 

[0060] i«MftiWSi52 0 «. 2 flli«44-fe > 

1^2 l©a:^(BKa. Kb^rBlffrS (X^-?:/Sl 



?:tt#b (^^T^i'^'S 1 6) . -ti^^^%U\ 8{ca;>3 

•rs. ^XK. :&fiiLftti-»ap 1 8 B. mmso^m^^^ 

J:»). (;^7^-?7's 17). mffiOfc 

:&<ift0*ai;^-r.S (XT-t'^s 18). 

[0 06 1 ] ±aUfcjlJfiJ^S|-C«. 
77*^s!)S/c»tc. 2Wl«l4-fe>-9-2 l©it?»J<ii*ffli'^ 

[0062] 

40 Sief©fi<'^i^-fe>-9"4ffl<'^^WaK:*f'*'C"*>> S't- 
Si«^«:*it»-r . «6S8M«:S-:Jt>T^«MiS©:& 

• immt. ifec;{c^*soi«6i^«w»s©^fl=iSffl*isi& 

[glS©iSmA.ciiii»] 

\m\ \ ^^m(Dm i isteff$si{ci^4:^(i«iti9jsiig© 

[0 2] ;$:^W©— a v^^UcoWM:/} 
50 ;&iBj:afa:^M#«:^n-rH-C*i. 



(8) 

13 

[03] 01(DliiEH-Stg»6*J-J:D':^tift@mSI58©tt * 

[0 5] :^m^(om 3 iete»^S§K:^?>:;^fijtfttJ«lilS© 
[06] :$:^B^©— HiSJ^JSK^SffliEffl©— 0<l*^^ 

0r&4. 

[07 ] :*:^?g©-||SfiJI5«8K:^.Sift8Sa,-^i' bJ\^tm 
[0 8 ] 0 5 ©liiEti-StgP 1 6 > ffiMfttf-StSUa 0 *i J: 

I 2lil|fiBE«-fe>-9- 

I I smm-^iy^ * 
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HEx xlAJ^--l^?R^■ 

HEy y¥A4->-Jl'*^ 
H E z z Ittsh — JV^^ 
2. 12 ^^a-yv-fgiJ 

4. 14 M«)A;'3T>:/ 

5. 15 A/D^gSSP 

6 . 16 «jEit»gP 

7. 17 ffliEfiifBtiSP 

8 . 18 :^<afttt#sp 

9. 19 S#¥1^S|5 

2 0 «Mftlt»SP 

10 m^m^ 

2 1 2l4<^4H2>-9- 

2 2 MM-iz>-t^ggKimi2£ig|i 



[01] 



[03] 



2 

1 



I 




'3 




ze: 



4fr*-;U«Wx.HEy«> 



I 



I 



81 



•S2 



I 



S3 



* 



m2] 




iirJm 












Lov 


VI 


vz 


0 


T1 


T3 


T2 


T4 


D 0= (H1+H2+F1+F2)+F3 


90 


T2 


T4 


Tl 


T3 


0 90= CH1+H2-F1+F2)+F3 


180 


T3 


T1 


T2 


T4 


D180=-(Hl-fH2+F1+F2)+ra 


270 


T4 


T2 


n 


T3 


0270= -(HI +H2-F1 +F2)+F3 



[06] 





Hx 


Hy 


Hz 




17.3 


15.9 


18.0 




1.G000 


1.0881 


0.9811 










301.0 


1084.0 




28.3 


22.8 


18.8 








-68. 1 


2S3.B 


774.7 




131.7 


-24.4 


-272.5 



• « 



(9) 
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i 



1 



HEy 



11 



I 



HEy 



i 



HEz 



^3 v/t» 



6 

i 



px,Dy 


A/0 










8 
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[05] 



12 



22 

A. 



21 

A 



mm 



7-3 9/t0 



T 

15 




19 




20 




18 






i 




\ 






MA 

















c 



I 



3 



I 



»d^->^»^aEx,HEy,HEz 

a>xqimx.Ly«Lz« 



Dx.Dy,Ozl^&XMILxAy. 

u%mm 



I 



312 



-S13 



«3)«-JI^9im)MltGx,Qy« 



-814 



I 



-S16 



[07] 



Kz=mz 



